The bed nucleus of the stria terminalis (BNST) and the central amygdala (CeA) comprise a forebrain unit that has been described as the "extended amygdala". These two nuclei send dense projections to each other and have been implicated in the regulation of negative emotional states, including anxiety and fear. The present study employed an optogenetic technique to examine whether stimulation of CeA-projecting dorsolateral BNST (dlBNST) neuron terminals would influence anxiety-like behaviors in male Sprague-Dawley rats. Photostimulation of CeA-projecting dlBNST neuron terminals produced anxiogenic effects in an elevated plus maze test. This finding is inconsistent with previous reports showing that optogenetic stimulation of BNST neurons projecting to the lateral hypothalamus (LH) and ventral tegmental area (VTA) produces anxiolytic rather than anxiogenic effects. To address this issue, electrophysiological analyses were conducted to characterize dlBNST neurons projecting to the CeA, LH, and VTA. dlBNST neurons can be electrophysiologically classified into three distinct cell types (types I-III) according to their responses to depolarizing and hyperpolarizing current injections. Whole-cell patch-clamp recordings revealed that more than 60% of the CeA-projecting dlBNST neurons were type II, whereas approximately 80% of the LH-and VTA-projecting dlBNST neurons were type III. These electrophysiological results will help elucidate the mechanisms underlying the heterogeneity of BNST neurons during the regulation of anxiety-like behaviors.
| INTRODUCTION
The bed nucleus of the stria terminalis (BNST) has been implicated in negative emotional states such as anxiety and fear. For example, excitotoxic lesions of the BNST suppress the corticotropin-releasing factor (CRF)-enhanced startle response (Lee & Davis, 1997) and reduce innate anxiety in an elevated zero maze (Waddell, Morris, & Bouton, 2006) . Moreover, predator-associated odors (Day, Masini, & Campeau, 2004) and anxiogenic drugs such as yohimbine, mchlorophenylpiperazine and caffeine (Singewald, Salchner, & Sharp, 2003) induce c-Fos expression in the BNST. In addition to these rodent studies, a neuroimaging study found that human subjects with anxiety disorders exhibit abnormal activity in the BNST (Yassa, Hazlett, Stark, & Hoehn-Saric, 2012) . Taken together, these data suggest that increased activity in the BNST leads to anxiety. In contrast, other studies have found that activation of the BNST suppresses anxiety. For instance, acute ethanol treatment, which increases neuronal activity in the BNST, produces anxiolytic effects in light-dark tests (Sharko, Kaigler, Fadel, & Wilson, 2016) . These findings suggest that there is heterogeneity among BNST neurons in terms of the regulation of negative emotional states, including anxiety and fear. Recent optogenetic studies have demonstrated that the photostimulation of BNST neuron terminals projecting to the lateral hypothalamus (LH; Kim et al., 2013) and ventral tegmental area (VTA; Jennings et al., 2013) produces anxiolytic effects. However, it remains unclear whether the activation of neural projections from the BNST to other brain regions will produce anxiogenic or anxiolytic effects.
The central amygdala (CeA) together with the BNST forms a forebrain unit described as the "extended amygdala" (Alheid & Heimer, 1988) . The CeA has also been implicated in the regulation of negative emotional states such as anxiety and fear. For example, CeA lesions attenuate freezing behaviors to an aversive context (Goosens & Maren, 2001 ) and the fear-potentiated startle reflex requires AMPA receptor activation in the CeA (Walker & Davis, 1997) . However, the roles that neural projections from the BNST to the CeA play in the regulation of negative emotional states remain unclear. Thus, the present study investigated the effects of stimulating CeA-projecting BNST neuron terminals on anxiety-like behaviors using an optogenetic technique. The results revealed that, in contrast with LH-and VTA-projecting BNST neuron terminals, photostimulation of CeA-projecting BNST neuron terminals produced anxiogenic effects. BNST neurons can be electrophysiologically classified into three distinct cell types (types I-III) according to their responses to depolarizing and hyperpolarizing current injections (Hammack, Mania, & Rainnie, 2007) . Our research group previously reported that CRF, which is an anxiogenic neuropeptide, increases neuronal excitability in type II dorsolateral BNST (dlBNST) neurons (Ide et al., 2013) whereas it enhances inhibitory inputs to type III dlBNST neurons (Nagano et al., 2015) . Thus, the opposing effects of activation of LH/VTA-projecting and CeA-projecting BNST neurons on anxiety-like behaviors may be due to differences in neuronal types in BNST neurons. To address this issue in the present study, electrophysiological analyses were conducted to determine the cell types of dlBNST neurons that project to the CeA, LH, and VTA. The results showed that more than 60% of CeA-projecting dlBNST neurons were type II, whereas approximately 80% of the LH-and VTAprojecting dlBNST neurons were type III.
| MATERIALS AND METHODS

| Animals
In total, 90 male Sprague-Dawley rats (Japan SLC, Hamamatsu, Japan) were used. All rats were maintained in a constant ambient temperature (22 ± 1°C) with ad libitum access to food and water in a 12/12-hr light/dark cycle. Behavioral experiments were conducted during the light phase. All experiments were approved by the Institutional Animal Care and Use Committee of Hokkaido University.
| Surgery and microinjections
Under sodium pentobarbital anesthesia (50 mg/kg, intraperitoneal [i.p.]), the rats were fixed in a stereotaxic instrument (SR-6R-HT; Narishige, Tokyo, Japan). After topical administration of lidocaine to alleviate pain, the skin above the skull was cut. A 33-gauge Hamilton syringe connected to a microsyringe pump (SYS-MICRO4; World Precision Instruments, Sarasota, FL, USA) was used for the viral injections and retrograde tracer injections. The behavioral experiments using an optogenetic technique included 4-week-old rats that received bilateral injections of 0.15 or 0.3 μl of AAV5-hSyn-ChR2(H134R)-eYFP or AAV5-hSyn-eYFP (UNC Vector Core, Chapel Hill, NC, USA) into the dlBNST (-0.3 mm rostral, 1.6 mm lateral, and 6.5 mm ventral to the bregma; Paxinos & Watson, 1998) ; the injections were performed at a constant rate of 0.075 μl/min and the microsyringe was left for an additional 5 min to prevent backflow. After 4-5 weeks, the rats were bilaterally implanted with optic fibers (400 μm in diameter; Thorlabs, Newton, NJ, USA) placed above the CeA (−2.7 mm rostral, 4.2 mm lateral, and −7.9 mm ventral to the bregma) under sodium pentobarbital anesthesia (50 mg/kg, intraperitoneal [i.p.] ). The animals were handled for 5 min daily for at least 1 week to habituate to the procedures of the behavioral experiment.
For the electrophysiological experiments, 4-week-old rats were unilaterally injected with 0.1-0.3 μl of
AAV5-hSyn-ChR2(H134R)-eYFP into the dlBNST (−0.3 mm rostral, 1.8 mm lateral, and −6.5 mm ventral to the bregma); the injections were performed at a constant rate of 0.075 μl/min and the microsyringe was left for an additional 5 min to prevent backflow. After at least 5 weeks, the rats were killed and brain slices were prepared for the electrophysiological experiments. Three to 14 days prior to the slice preparation, the animals received unilateral injections of 0.2-0.3 μl of red or green retrobeads (Lumafluor, Naples, FL, USA) in the CeA (−2.7 mm rostral, 4.2 mm lateral, and −8.2 mm ventral to the bregma), LH (−2.1 mm rostral, 2.0 mm lateral, and −8.6 mm ventral to the bregma), or VTA (−5.0 mm rostral, 1.2 mm lateral, and −8.6 mm ventral to the bregma) to label the dlBNST neurons projecting to the CeA, LH, or VTA; the injections were performed at a constant rate of 0.075 μl/min and the microsyringe was left for an additional 5 min to prevent backflow.
| Elevated plus maze test
The elevated plus maze (EPM) apparatus was composed of two closed arms (50 cm each), two open arms (50 cm each), and a center area (10 cm × 10 cm). The apparatus was elevated 50 cm from the floor and illuminated with a dim light (6 ± 1 lx at the center area). At the start of the test, each animal was placed in the closed arm and its movement was recorded using a CCD camera (DXC-107A; SONY, Tokyo, Japan) placed above the EPM apparatus. Noldus Ethovision XT10 video tracking software (Leesburg, VA, USA) was used to analyze animal movement to determine the time spent in the open arms and the total distance traveled. Blue light (λ = 473 nm, 5 ms in duration, 20 Hz, 8-12 mW; Lucir, Tsukuba, Japan) was used for photostimulation of the CeA using a protocol that included a 3-min OFF period followed by a 3-min ON period during the 6-min experimental period. As Jennings et al. (2013) used 20 Hz photostimulation to examine the effect of optogenetic activation of the BNST-VTA pathway on anxiety-like behaviors in an elevated plus-maze test, we used 20 Hz photostimulation in this study. The photostimulation protocol started when the rat moved from the closed arm in which it was initially placed to the other closed arm or the open arm. Rats that did not move to another arm within 15 min or that did not enter the open arm during the OFF-period were excluded from the data analyses. Three and two rats in the ChR2 and enhanced yellow fluorescent protein (eYFP) groups, respectively, were excluded due to these criteria.
| Electrophysiology
The slice preparation and recording of light-activated responses were conducted as previously described (Sugimura, Takahashi, Watabe, & Kato, 2016) . The rats were deeply anaesthetized with sodium pentobarbital (100 mg/kg, i.p.) and transcardially perfused with an ice-cold cutting solution (in mM: 92 N-methyl-D-glucamine, 2.5 KCl, 30 NaHCO 3 , 1.25 NaH 2 PO 4 , 25 glucose, 5 ascorbic acid, 0.5 CaCl 2 , 20 HEPES, 10 MgSO 4 , 2 thiourea, 3 sodium pyruvate, and 12 N-acetyl-L-cysteine, oxygenated with 95% O 2 /5% CO 2 at pH 7.3). The brain was quickly removed and coronal slices (250 μm-thick) containing the BNST or CeA were prepared in ice-cold cutting solution with a vibratome (VT1200S; Leica, Wetzlar, Germany). The slices were incubated for 15 min at 34°C in the cutting solution and subsequently kept in artificial cerebrospinal fluid (ACSF; in mM: 119 NaCl, 2.5 KCl, 24 NaHCO 3 , 1.25 NaH 2 PO 4 , 12.5 glucose, 2 CaCl 2 , and 2 MgSO 4 oxygenated with 95% O 2 /5% CO 2 ) at room temperature for at least 1 hr. Next, the slices were transferred to a submerged recording chamber on an upright microscope (BX50WI; Olympus, Tokyo, Japan) and constantly superfused with ACSF at 35 ± 1°C saturated with 95% O 2 /5% CO 2 at a flow rate of 1-1.5 ml/min. Glass pipettes were pulled from thin-walled borosilicate glass capillaries with a micropipette puller (Model P-1000IVF; Sutter Instrument, Novato, CA, USA).
To confirm functional projections from the dlBNST to the CeA, electrophysiological analyses were carried out using slices containing the CeA prepared from animals injected with AAV5-hSyn-ChR2(H134R)-eYFP into the dlBNST. Light-evoked responses were measured with voltage clamp recordings from CeA neurons at holding potentials of −70 mV for excitatory postsynaptic currents (EPSCs) and of +10 mV for inhibitory postsynaptic currents (IPSCs) using 5-8 MΩ glass pipettes filled with internal solution (in mM: 150 KOH, 10 KCl, 2 MgCl 2 , 0.2 EGTA, 2 Na 2 -ATP, 10 HEPES, 0.1 spermine, and 0.1%-0.2% biocytin, pH 7.3 adjusted with gluconic acid). ChR2-expressing axon terminals from the dlBNST were photostimulated using an LED (λ = 465 nm; LEX2-LZ4-B; Brainvision Inc., Tokyo, Japan) such that a blue light pulse (5 ms) was delivered once in 6 s. To test whether evoked IPSCs were monosynaptic GABAergic input, voltage clamp recordings were obtained from CeA neurons at a holding potential of −50 mV using 5-8 MΩ glass pipettes filled with internal solution (in mM: 159 KOH, 1 KCl, 2 MgCl 2 , 0.2 EGTA, 2 Na 2 -ATP, 10 HEPES, 0.1 spermine and 0.1%-0.2% biocytin, pH 7.3 adjusted with gluconic acid) in the presence of the AMPA receptor antagonist 6-cyano-7-nitroquinoxaline-2, 3-dione (CNQX, 10 μM; Sigma-Aldrich) and the NMDA receptor antagonist 2-amino -5-phosphonopentanoic-acid (AP-5, 50 μM; Sigma-Aldrich) followed by the application of the GABA A receptor antagonist picrotoxin (PTX, 100 μM; Sigma-Aldrich).
To characterize dlBNST neurons, current clamp recordings were conducted using 5-8 MΩ glass pipettes filled with internal solution (in mM: 150 KOH, 10 KCl, 2 MgCl 2 , 0.2 EGTA, 2 Na 2 -ATP, 10 HEPES, 0.1 spermine, and 0.1%-0.2% biocytin, pH 7.3 adjusted with gluconic acid). Projection neurons labeled with retrobeads were visualized using epifluorescence and a 40× objective (LUMPlanLF N 40×/0.80; Olympus). The dlBNST neurons were electrophysiologically classified into three types based on criteria modified from Hammack et al. (2007) . To monitor the responses of dlBNST neurons to hyperpolarizing current injections, the initial membrane potential was adjusted to −60 mV and a series of currents (−40 pA steps, 400 ms in duration) ranging from 0 to −240 pA were injected. To monitor the responses to depolarizing current injections, the initial membrane potential was adjusted to −80 mV and a series of currents (+40 pA steps, 400 ms in duration) ranging from 0 to 240 pA were injected. Hyperpolarization-activated cation currents (I h ) were identified as previously described (Emery, Young, Berrocoso, Chen, & McNaughton, 2011 ) with a slight modification. Specifically, the occurrence of I h was verified by the presence of a "voltage-sag" equal to or greater than 10% of the total voltage deflection upon the hyperpolarizing current injection, which elicited a membrane voltage around −100 mV. The basal membrane voltage (V base ), the minimum membrane voltage after current injection (V min ), and the membrane voltage at steady state (V ss ) were determined from the trace in which the V min was around −100 mV ( Figure  3a) . The voltage-sag ratio was calculated using the following formula: {(V min − V ss )/(V min − V base )} × 100 (%). I h -positive neurons that exhibited regular firing patterns in response to depolarizing current injections were classified as type I ( Figure  3b , left), I h -positive neurons exhibiting rebound spiking in response to the termination of hyperpolarizing current injections and burst spiking in response to depolarizing current injections were classified as type II (Figure 3b, middle) , and I h -negative neurons were classified as type III (Figure 3b , right). Neurons were excluded from the following procedures if their resting membrane potential was more positive than −50 mV and/or their action potential did not overshoot. All data were acquired with a Multiclamp 700B amplifier and the pClamp10 software (Molecular Devices, Sunnyvale, CA, USA).
| Histology
In the electrophysiological experiments to confirm functional projections from the dlBNST to the CeA, ChR2(H134R)-eYFP expression in the dlBNST neurons and the dlBNST neuron terminals in the CeA were confirmed using epifluorescence and a 40× objective (LUMPlanLF N 40×/0.80; Olympus).
Following the behavioral tests, rats were deeply anesthetized with sodium pentobarbital (100 mg/kg, i.p.) and transcardially perfused with phosphate-buffered saline (PBS) followed by 4% paraformaldehyde (PFA) in phosphate buffer (PB). After being removed, the brains were post-fixed in 4% PFA overnight, equilibrated in 30% sucrose in PB, cut into coronal sections (50-μm thick) using a cryostat (CM3050S; Leica), and stored in PBS containing 0.03% sodium azide at 4°C. The slices were mounted on slide glasses with 4′,6-diamidino-2-phenylindole (DAPI)-containing mounting medium to stain the nuclei (H-1500; Vector Laboratories, Burlingame, CA, USA). Fluorescent images were acquired with a confocal laser-scanning microscope (FV-10i; Olympus).
To check the retrobead injection sites, slices containing the CeA, LH or VTA were prepared with a vibratome, fixed in 4% PFA in PB overnight, washed with PBS, and then mounted on glass slides. Images of retrobead injection sites were acquired with a fluorescent microscope (Keyence BZ-X710; Keyence, Osaka, Japan). To visualize the recorded neurons, brain slices were fixed in 4% PFA in PB overnight after wholecell patch-clamp recordings. The slices were washed with PBS containing 0.3% Triton X-100 (PBS-T), blocked with 5% normal donkey serum (Sigma, D9936) in PBS-T for 1 hr at room temperature, and then incubated with Alexa Fluor 647-conjugated streptavidin (1:2,000; Invitrogen, S21374) in PBS-T for 2 hr at room temperature. The slices were washed in PBS and mounted on glass slides. Fluorescent images were acquired with a confocal laser-scanning microscope (FV-10i).
Data from rats with the incorrect placements of viral injections, optical fiber implantation or retrobead injection were excluded from the statistical analyses. Data from rats with no or slight expression of ChR2(H134R)-eYFP (ChR2 group) or eYFP (control group) were also excluded from the statistical analyses. Forty-six animals were excluded due to these criteria.
| Statistical analyses
Data are presented as a mean ± standard error of the mean (SEM). Statistical analyses were performed with Prism 6 (GraphPad Software, Inc., San Diego, CA, USA). A repeated analysis of variance (ANOVA) followed by Bonferroni's post hoc test was used to assess the difference in IPSC amplitude. Student's t-tests were used to assess the differences between the ChR2 and eYFP groups in the behavioral experiments. The difference in the proportion of neuronal types (type I-III) among CeA-, LH-, and VTA-projecting dl-BNST neurons was analyzed with chi-square tests. p Values < 0.05 were considered to indicate statistically significant differences.
| RESULTS
| dlBNST neurons make GABAergic synapses onto CeA neurons
To examine synaptic transmission from the dlBNST to the CeA, brain slices including the CeA were prepared from eight rats injected with AAV5-hSyn-ChR2-eYFP into the dlBNST; patch-clamp recordings were then conducted (Figure 1a ). In the medial CeA (CeM), 16 out of 27 cells showed synaptic responses to photostimulation (Figure 1b, left) . Among these, 14 cells showed only IPSCs, one cell showed only EPSCs, and one cell showed both IPSCs and EPSCs. In the lateral CeA (CeL), six of 17 cells showed synaptic responses to photostimulation (Figure 1b, right) . These cells showed only IPSCs, and no cells showed EPSCs. In these recordings, all of the non-responding neurons were included in the slices containing at least one neuron responding to photostimulation.
To determine whether those IPSCs were due to the monosynaptic GABAergic inputs from dlBNST or the excitation of intrinsic GABAergic neurons by glutamatergic inputs from the dlBNST, we examined the effects of CNQX and AP-5 on photostimulation-evoked IPSCs. Bath-application of CNQX and AP-5 did not attenuate photostimulation-evoked IPSCs (Figure 1c,d ; p > 0.9999, repeated one-way ANOVA followed by Bonferroni's post hoc test), suggesting that the photostimulation-evoked IPSCs were not due to the activation of intrinsic GABAergic neurons by excitatory inputs from the dlBNST. Additionally, the photostimulation-evoked IPSCs were completely blocked by PTX (Figure 1c,d ; p < 0.0001, repeated one-way ANOVA followed by Bonferroni's post hoc test), indicating the involvement of GABA A receptors.
| Activation of CeA-projecting dlBNST neuron terminals increases anxietylike behaviors
To examine whether activation of the neuronal pathway connecting the dlBNST to the CeA produced anxiogenic or anxiolytic effects, AAV5-hSyn-ChR2-eYFP or AAV5-hSyn-eYFP was bilaterally injected into the dl-BNST and, after a period of at least 5 weeks, photostimulation was applied to the CeA via optical fibers bilaterally implanted above the CeA during the EPM test (Figure 2a In the animals, which were injected with AAV5-hSyn-ChR2-eYFP but excluded by the exclusion criteria, the time spent in open arms tended to decrease but no significant difference was observed when compared with the control group ( Figure S1 ). No significant differences were observed in the total distance
F I G U R E 3 Different proportions of cell types (types I-III) between CeA-projecting and LH/VTA-projecting dlBNST neurons. (a)
Representative trace of a membrane potential following a hyperpolarizing current injection (−160 pA, 400 ms) in a dlBNST neuron expressing I h . The presence of I h was verified by the presence of a "voltage-sag" equal to or greater than 10% of the total voltage deflection upon a hyperpolarizing current injection, which elicited a membrane voltage around −100 mV. The basal membrane voltage (V base ), the minimum membrane voltage after current injection (V min ), and the membrane voltage at steady state (V ss ) were determined from the trace, while the voltage- 
| Electrophysiological characterization of CeA-, LH-, and VTAprojecting dlBNST neurons
CeA-, LH-, and VTA-projecting dlBNST neurons were visualized using the injection of retrobeads into the CeA, LH, and VTA and patch-clamp recordings were conducted in dlBNST projection neurons labeled with these retrobeads (Figure 3c-g ). The dlBNST projection neurons were classified into type I-III ( Figure 3a,b) ; 61.9% of the CeA-projecting dl-BNST neurons (13 of 21 neurons from six rats) were type II neurons, while the proportions of type I and type III neurons were 4.8% and 33.3% respectively. On the other hand, most LH-and VTA-projecting dlBNST neurons (82.6%, 19 of 23 LH-projecting neurons from five rats; 79.2%, 19 of 24 VTA-projecting neurons from seven rats) were type III neurons (Figure 3h,i) . A chi-square test indicated a significant difference in the proportions of cell types (types I-III) among CeA-, LH-, and VTA-projecting dlBNST neurons ( 2 4 = 21.59, p = 0.0002). The electrophysiological properties of the type I-III dlBNST neurons projecting to the CeA, LH, and VTA are shown in Table 1 .
| DISCUSSION
The present study demonstrated that photostimulation of CeA-projecting dlBNST neuron terminals increased anxietylike behaviors in the EPM test. This is in contrast with the photostimulation of LH-and VTA-projecting BNST neurons, which suppresses anxiety-like behaviors (Jennings et al., 2013; Kim et al., 2013) . The present study, using whole-cell patch-clamp recordings, also determined that more than 60% of the CeA-projecting dlBNST neurons were type II cells, whereas approximately 80% of the LH-and VTA-projecting dlBNST neurons were type III cells. Thus, the opposing roles of CeA-projecting and LH/VTA-projecting BNST neurons in the regulation of anxiety-like behaviors may be due to differences in the neuronal type (type II vs. type III).
The BNST and CeA form a functional unit known as the "extended amygdala" (Alheid & Heimer, 1988 ) that has been implicated in the regulation of negative emotional states such as anxiety and fear. It is also known that these two nuclei are closely interconnected. The CeA sends dense projections to the BNST (Dong, Petrovich, & Swanson, 2001a; Sun & Cassell, 1993; Sun, Roberts, & Cassell, 1991) and optogenetic stimulation of the neuronal pathway from the CeA to the BNST elicits IPSCs in the BNST neurons (Li et al., 2012) . The BNST projects back to the CeA (Dong, Petrovich, Watts, & Swanson, 2001b; Dong & Swanson, 2004; Sun & Cassell, 1993) and optogenetic stimulation of CeA-projecting BNST neuron terminals evokes IPSCs in CeA neurons (Gungor, Yamamoto, & Paré, 2015) . Recently, Asok et al. (2018) reported that the optogenetic inhibition of CRF-expressing neurons projecting from the CeA to the BNST during contextual fear acquisition disrupts the retention of fear memory at the test session. This finding suggests that the neuronal pathway from the CeA to the BNST plays an important role in consolidating the long-lasting component of fear memory. The present results demonstrated that optogenetic stimulation of the neuronal pathway from the BNST to the CeA increased innate anxiety in an EPM test, which suggests that the bidirectional projections between the BNST and CeA play important roles in the genesis of negative emotional states. Previous studies from our research group revealed that CRF preferentially depolarizes type II dlBNST neurons (Ide et al., 2013) , whereas it increases inhibitory inputs to type III dlBNST neurons (Nagano et al., 2015) . Furthermore, intra-BNST injections of CRF enhance anxiety-like behaviors in the EPM test (Sahuque et al., 2006) . Taken together, these findings suggest that dlBNST type II and type III neurons play opposing roles in the regulation of negative emotional states; i.e., the activation of type II and type III neurons may produce anxiogenic and anxiolytic effects, respectively. This idea is supported by the present results showing that more than 60% of CeA-projecting BNST neurons were type II cells and that the optogenetic stimulation of this pathway produced anxiogenic effects in the EPM test. On the other hand, approximately 80% of LH-and VTAprojecting BNST neurons are type III and the optogenetic stimulation of these pathways produces anxiolytic effects (Jennings et al., 2013; Kim et al., 2013) . Hammack et al. (2007) suggested that a significant proportion of type II BNST neurons are GABAergic and may synapse on output neurons within the BNST. Dumont and Williams (2004) demonstrated that noradrenaline induces an inward current in I h -positive (type I or II) BNST neurons and increases inhibitory inputs to I h -negative (type III) BNST neurons that project to the VTA. These findings suggest that type II neurons in the BNST regulate type III output neurons projecting to other brain regions, including the VTA. Collectively, the activation of type III BNST neurons projecting to the LH and VTA may produce anxiolytic effects, while the activation of type II BNST neurons may produce anxiogenic effects via direct projections to the CeA and/or the inhibition of type III BNST neurons projecting to the LH and VTA (Figure 4 ). Kash and colleagues (Marcinkiewcz et al., 2016) proposed a similar neural circuit. They demonstrated that activation of 5-HT 2C receptor-expressing BNST neurons suppresses VTA/LH-projecting BNST output neurons and produces anxiogenic effects.
Because the aim of this study was to examine the effect of activation of the dlBNST-CeA pathway on anxiety-like behaviors, we used the hSyn promoter to activate all types of neurons contained in this pathway. Thus, it was not possible to separately examine the roles of GABAergic and glutamatergic neurons in the regulation of anxiety-like behaviors.
However, whole-cell patch-clamp recordings from the CeA slices prepared from the animals injected with AAV5-hSynChR2-eYFP into the dlBNST revealed that photostimulation evoked IPSCs in 21 of 44 cells, whereas only two of 44 cells showed EPSCs in response to photostimulation. These results indicate that most of the CeA-projecting dlBNST neurons, regardless of whether they are type II or type III, are GABAergic. Another limitation of this study is that we could not separately examine the role of each type of dlBNST neuron in the regulation of anxiety-like behaviors. Specifically, the proportion of type III neurons (33.3%) in the BNST-CeA pathway is not negligible. Further studies are needed to identify the cell type-specific gene promoters and clarify the role of each type of BNST neuron in the regulation of anxiety-like behaviors using type-specific optogenetic analyses. However, this study clearly demonstrates different proportions of cell types (types I-III) between CeA-projecting and LH/VTAprojecting dlBNST neurons, which may be critical for the opposing roles of CeA-projecting and LH/VTA-projecting BNST neurons in the regulation of anxiety-like behaviors. The EPM test is widely used to examine innate anxiety in optogenetic studies (Botta et al., 2015; Jennings et al., 2013; Kim et al., 2013) . In the present study, regardless of whether the animal was in the open or closed arms, the animal continued to receive photostimulation during the ON period. Thus, it is thought that aversive or positive conditioning to the open or closed arms does not occur. Additionally, we compared the time spent in the closed arm where the animal received photostimulation at the start of the ON period with the time spent in another closed arm ( Figure S2 ). No significant difference was observed between the time spent in these two closed arms in both the eYFP and ChR2 groups, suggesting that positive or negative conditioning to the arm where the animal received photostimulation at the start of ON period did not occur. As Kim et al. (2013) and Jennings et al. (2013) used an EPM test to demonstrate the anxiolytic effects of photoactivation of BNST-LH and BNST-VTA pathways, we used this test in this study. However, additional behavioral tests, such as a light-dark test, are required to exclude the possibility that the observed effects were specific to the EPM test.
The CeA has also been implicated in the regulation of negative emotional states such as anxiety and fear (Davis, Walker, Miles, & Grillon, 2010) . Genetic dissections have defined multiple functional subpopulations of CeA neurons. For example, CRF1 receptor-expressing CeA neurons receive GABAergic inhibitory input from CRF1 receptor-negative CeA neurons and project to downstream regions, including the BNST (Herman, Contet, Justice, Vale, & Roberto, 2013) . Haubensak et al. (2010) demonstrated that protein kinase Cδ (PKCδ)-positive and PKCδ-negative neurons in the lateral CeA make reciprocal inhibitory synapses with each other and that PKCδ-positive neurons send inhibitory projections to output neurons in the CeM. These microcircuits in the CeA may play an important role in the regulation of fear and anxiety (Botta et al., 2015; Ciocchi et al., 2010) . The present study demonstrated that the dlBNST neurons synapse onto CeA neurons and that the photostimulation of CeA-projecting dlBNST neuron terminals produces anxiogenic effects. Further studies are needed to identify the subpopulations of CeA neurons that receive inputs from the dlBNST and to elucidate the neuronal circuits that regulate negative emotional states.
